INTRODUCTION
The gas kinetic temperature, T, is a parameter of intrinsic interest in the study of the thermosphere, the region between about 100 and 300 kilometers above the Earth's surface. Its large spatial and temporal variations reflect the complex character of the sources of atmospheric heating, and any attempt to understand this region requires a knowledge of its temperature behavior.
Most of our knowledge about the global behavior of temperature has been inferred from satellite drag measurements of the atmospheric density (Jacchia, 1964) , a procedure that involves tenuous assumptions about the static nature of the atmosphere at lower altitudes and provides little information about the small scale spatial and temporal variations in temperature.
Incoherent backscatter observations of ion temperature have been employed
to infer the behavior of the neutral gas temperature (McClure, 1971 ). These observations provide high resolution of the diurnal and altitudinal variations but are limited to a few fixed locations about the globe.
Satellite measurements of the neutral particle scale height by pressure gages and neutral particle mass spectrometers have not been reliable for deriving T because of the presence of horizontal structure in the atmosphere that tends to obscure the altitudinal variations. This problem is largely overcome by rocketborne mass spectrometers (Spencer et al., 1965 (Spencer et al., , 1969 (Nier, 1964) but these measurements are available in very limited numbers and at only a few locations.
Satellite measurements of 6300 A airglow appear to provide good resolution of the global distribution of the exospheric temperature (Blamont, 1971 ) but provide little resolution of the altitudinal variations in temperature.
The neutral particle wake method described in this paper permits essentially instantaneous measurements of temperature along the satellite path from as high as perhaps 600 km down to approximately 140 kilometers, nearly the lowest altitudes envisioned for the atmosphere Explorer satellites for which a version of the experiment is being developed by Spencer (1971) .
The method is related to the velocity scan technique employed on rockets (Spencer et al., 1965) and on the San Marco satellite (Spencer, 1971) , but introduces a baffle to amplify the effect of the thermal velocity of the atmospheric particles. This method was first reported by Wu (1968) (1970) and is in this paper extended to include the effects of particle scattering, a finite baffle length, and other effects not considered earlier.
DESCRIPTION OF THE NEUTRAL WAKE METHOD
A major difficulty in performing direct measurements of atmospheric temperature from a satellite arises from its large translational velocity and the correspondingly large energy of the particles relative to the satellite. The method discussed here overcomes this difficulty by interrupting the directed W
BAFFLE
Figure la. Experimental arrangement. As the satellite spins, the wake behind the long rectangular baffle sweeps across the entrance orifice of a neutral particle mass spectrometer causing reductions in the partial pressures that are highly sensitive to the atmospheric temperature. The satellite spin axis is maintained perpendicular to the orbital plane so that the center of the wake posses over the orifice. flux of particles by a baffle and then sensing those particles that have moved into its wake owing to their thermal motions. The flux within the wake is very sensitive to temperature because the particles that populate this region do so only because of their thermal motion.
The experimental arrangement is shown in Figures la and lb. In this arrangement, the sampling chamber of the mass spectrometer is mounted such that its orifice is perpendicular to the spin axis of the satellite. The orifice is circular with radius, ro, that is small compared to the baffle width, w. The baffle length, e, is several times its width and is mounted a distance, d, out along the normal to the orifice. The satellite is assumed to spin about an axis that is perpendicular to the orbital plane so that the velocity vector, w, passes through the orifice normal once per satellite rotation and sweeps the wake of the baffle across the orifice. The resulting reduction in flux entering the orifice causes a pressure reduction within the chamber that for a given baffle depends only upon the species sampled and its temperature in the atmosphere. Because of their higher thermal velocities only H and He can populate the near wake, while O and N 2 can only populate the far wake. By selecting the species to be observed and the baffle dimensions, a desired decrease in partial pressure can be achieved for any given temperature. Therefore the temperature resolution is somewhat adjustable by selection of dimensions, in particular the w/d ratio.
The spin pressure variations shown in this paper were calculated using the theory outlined in the Appendix. A basic assumption has been that the particles suffer no collisions until they enter the sampling chamber where they thermalize to the wall temperature before passing back out through the orifice. We also assume equilibrium flow such that the influx and outflux of a given species are equal, that is that the flux variations with angle of attack do not occur too rapidly for the chamber pressure to follow, and that chemical reactions with the surface do not generate or remove particles at a rate that is significant when compared with the net influx and outflux.
The Pressure Characteristics
To place the wake effect in perspective relative to the entire spin variation, Changes in temperature affect both the width and depth of the wake characteristics.
Although there is no simple relationship between the baffle size and the temperature resolution, it can be seen from these curves that the temperature resolution varies with the size of the baffle. This is evident more clearly in Figure Smaller baffles (0.025 to 0.1) have enhanced resolution at lower temperatures.
SOURCES OF ERROR
A number of sources of error in this method have been examined and included in the theoretical treatment of the Appendix. In the remainder of this paper we present the results of a study of these effects.
Scattering
The scattering of particles from the spacecraft to the baffle and then into the orifice produces a flux that adds to the normal pressure characteristic, enhancing the pressure at all angles of attack. This flux is approximately constant over the range of angles containing the baffle wake and, for large baffles, produces a non-negligible increase in the entire pressure characteristic. Figure 6 shows the effect of scattering for a baffle of w/d = 0.15. The scattering component rapidly becomes important for larger baffle sizes because both the length and width of the baffle must be increased, for reasons outlined later, and the scattering flux is proportional to the baffle area (e x w). Furthermore, the scat- 
Finite Orifice Size
Inherent in the previous discussion has been the assumption that the orifice was small compared to the dimensions of the wake, and although the theory includes the effect of a finite orifice size, computing time associated with the data analysis can be greatly reduced by selecting orifice and baffle dimensions such that ro/w is small enough to be unimportant. To illustrate this effect 12000 N2 pressure characteristics were calculated for ro /w ratios of 0, 1/2 and 1. As shown in Figure 7 , the wake characteristic is essentially unchanged until r /w approaches 1/2, that is until the orifice diameter approaches the baffle width.
The Finite Length of The Baffle
If the length of the baffle is great enough to eliminate any significant flux from the ends of the baffle, then the wake characteristic will be determined only by w. Figure 8 If for any reason a larger baffle or greater mounting distance is desired, these dimensions can be scaled up proportionally without changing the pressure characteristics.
THE LOW ALTITUDE LIMIT
The low altitude limit of this method is determined by the high pressure characteristics of the spectrometer that is used and the mean free path of the particles in the vicinity of the baffle-orifice arrangement. Owing to the high velocity of the satellite the pressure within the orifice and immediately ahead of the vehicle will be enhanced by a factor of up to 50. Typical spectrometers exhibit non-linear response at pressures above about 1 x 10-4 torr with the result that distortion of the pressure characteristics can be expected at atmospheric pressures of about 2 x 10-6 torr, or at altitudes below about'140 kilometers.
Collisions in the vicinity of the spacecraft also can be expected to modify the wake characteristics below this altitude. Thus one can expect that the method will provide temperature measurements down to about 140 kilometers without additional analysis to correct for collisions.
THE USE OF MULTIPLE BAFFLES AND MASSES
The useful altitude range, accuracy, and credibility of the measurements could be greatly enhanced by providing the option to select from two or more baffle widths and to resolve the pressure characteristics of two or more species.
For example, the use of O and He with a larger baffle would extend the temperature measurements to higher altitudes than is feasible with N2 and Ar which would be used at lower altitudes. Furthermore the confidence in the method would be enhanced if the experimental pressure characteristics of the various species for various baffle sizes are found consistent with the theoretically derived characteristics.-Deviations from the expected pressure characteristics will permit identification of the bounds of valid measurements and provide data for improved understanding of the factors affecting the measurement accuracy.
THE NEUTRAL WAKE EXPERIMENT ON A NON-SPINNING SPACECRAFT
In this paper we have limited our discussion to a baffle mounted rigidly in front of an orificed-chamber on a spinning spacecraft. We then rely on the spinning motion to scan the wake of the baffle across the orifice. Essentially the same effect can be obtained on a stabilized satellite by passing the baffle in front of the orifice in some suitable manner.
One approach which offers promise is a propeller type arrangement in which one or more baffles are mounted on a spinning shaft such as shown in Figure 11 . The advantages of this system are that (1) multiple w/d ratios could be employed to optimize the pressure characteristics for different masses or temperatures and (2) optimum occultation rates could be achieved by changing the drive shaft speed. It would, of course, be necessary to arrange the drive shaft and baffle supports so as to minimize backscattering of particles into the orifice.
ATMOSPHERE BAFFLE 2
-,,, The net flux is the number of particles per second passing through the orifice area, A = 7T r 2 , where r°is the orifice radius. To calculate the chamber pressure, we assume that the particles suffer many thermalizing collisions within the spectrometer and escape through the orifice at the chamber temperature.
The internal pressure is then directly proportional to Fnet. The pressure plots in this paper were calculated in this way and normalized to unity for convenient display. The actual magnitude of the pressure of course depends on the abundance of that particular species at the time of the measurement.
The velocity distribution of the neutral particles near the satellite is assumed to be Maxwellian with a superimposed drift, w.
where n is the ambient density of the particles of mass, m, and temperature, T.
The flux is derived for a single species, while the total flux is the sum of the individual fluxes of all species present. Since a mass spectrometer is employed in the experiment only the individual fluxes are of interest.
Determination of Fd i r e c t
The direct flux is given by the integral f (s) is the standard function used deriving concentration and temperature from mass spectrometers and pressure gages on rockets and satellites (Spencer et al., 1965 (Spencer et al., , 1969 . This form is valid for a baffle of arbitrary size and has been used in all of the calculations presented in this paper, except for illustrating the orifice size effect.
The formula for Fwake for a finite size orifice will not be presented here, but will appear in a paper to be published later. It is obtained by expanding the error functions and performing the integral over c n .
Determination of Fs c t t e
The scattering contributions to the orifice flux are computed assuming diffusive scattering with the satellite and baffle surfaces. Therefore the velocity distribution of neutrals scattered from a surface element dA is, The result is expressed as a single numerical integral over /3, to be presented in the later paper.
Finally, the geometrical factor, G, is evaluated assuming that the flux density reaching the baffle is also uniform, [f+W
